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IL PROCESSO INFIAMMATORIO 



FLQGOSI : più' comune risposta reattiva locale ad un'agente o a una situazione che provoca 
un danno in una qualsiasi sede dell'organismo (flogosi si manifesta nel momento in cui c' e' un 
danno e, inoltre, essa stessa può' diventare causa di danno) 

> sistema reattivo aspecifico 



L'organismo e' dotato di apparati reattivi che ci difendono dall'aggressione ambientale: 

a) sistema endocrino; 

b) sistema nervoso centrale e periferico 

c) sistemi acellulari e cellulari 

i quali entrano in gioco ogni volta che ci sia da mantenere un equilibrio a livello locale 
o generale contro un danno che viene apportato a qualche sede zona dell'organismo 

due categorie di sistemi reattivi : 

a) specifici (tutti quelli che convergono a montare una risposta immune): 

b) aspecifici (reazione infiammatoria) 



Definition: " Infiammati ori is a reaction of a tissue and its microcirculation 

to a pathogenic insult. It is characterized by the generation of infiamma tory mediators 
and movement of fluid & leukocytes from the blood into extravascular tissues. " 
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FIGURE 8.2 

The basic feedback principle of inflam- 
mation. Injured tissue (1) releases 
chemical mediators (2) that diffuse to 
neighboring blood vessels and trigger 
an exudate of cells and fluid (3): the 
first step in the repair process. 
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IL PROCESSO INFIAMMATORIO 



- si svolge nel microcircolo e coinvolge cellule e sistemi plasmatici 
(polimolecolari solubili); 

- inizia per l'intervento di molecole che riconoscono un qualcosa di 
estraneo e che generano mediatori chimici; 



- si verifica in tutti gli organi e presenta svariate modalità 9 di 
espressione. 
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• Signals released from stressed, 
malfunctioning or dead cells 
and from damaged tissues 

• Endogenous cry stai s 

• Products of ECM breakdown 



Figure 2 The infiamma tory pathway. a A generic inflammatory pathway 

inaucers or intiammation can De ciassinea as exogenous or endogenous, 
and these two groups can be further classifìed as shown. ECM, extracelluiar 
matrix; PAMP, pathogen-associated molecular pattern. 



Esempi di CAUSE che producono una infiammazione 

acuta 

- Infezioni (batteriche, virali, parassitarie) e tossine microbiche 

- Traumi (superficiali e/o profondi) 

- Agenti fisici e chimici [p.es lesione termiche (ustioni o congelamento); 
irradiazione; alcune sostanze chimiche ambientali] 

- Corpi estranei (schegge, sporcizia, fili di sutura) 

- Reazioni immunitarie anomale (anche denominate reazioni di 
ipersensibilità') 

- Necrosi tessutale (da qualsiasi causa, p.es. infarto »» death of 
tissues from lack of oxygen or nutrients resulting from inadequate blood 
flow (infarction) is a potent inflammatory stimulus. The edge of a recent 
infarct always shows an acute inflammatory response) 



CAUSE: agenti chimici, fisici, biologici possono provocare un 
danno o attivare direttamente un processo infiammatorio. 



Cause biologiche] viventi cioè metazoi, protozoi, miceti, batteri, virus e non vivent i. 
Queste comprendono tutti i prodotti elaborati dai vari tipi di agenti viventi (esotossine, 
endotossine, enzimi), tossine animali e vegetali, complessi immuni, enzimi liberati da 
cellule, molecole diventate estranee in seguito a processi degenerativi e necrosi. 
Inoltre tutti gli eventi immunologici nella loro fase effettrice (reazioni antigeni-anticorpi e 
antigeni-linfociti), sia a risultato positivo (protettivo) che negativo (dannoso), danno 
origine ad un processo flogistico anche se la sostanza estranea (antigene) non è di per sé 
causa diretta di infiammazione. 



Cause tisiche >: radiazioni, alte e basse temperature, traumi, ultrasuoni, correnti elettri- 



che, corpi estranei inerti, stimoli meccanici lesionanti i tessuti. 



Cause chimiche: esogene ed endogene, naturali ed artificiali. Le più comuni sono 
quelle che producono degenerazioni e necrosi agendo su specifici settori strutturali o 
funzionali delle cellule; tutte le sostanze denaturanti come acidi, alcali, fissativi; il silicio, 
il berilio, l'asbesto, lo zirconio; i cristalli di urato; alcune sostanze chimiche usate per 
produrre processi infiammatori sperimentali come istamina, chinine, trementina, olio di 
croton (i cui principi attivi sono esteri del forbolo), la carragenina (un polisaccaride 
solforato estratto da un'alga marina, il Chondrus crispus), gli adiuvanti di Freund, 
sospensioni lipidiche, soluzioni di glicogeno o soluzioni saline ipertoniche; materiali inerti 
usati per protesi vascolari ed ossee. 



Inflammation: the response of living tissue to damage 



The inflammatory response has a number of functions: 




1 . The affected area is occupied by a transient material called the acute 
inflammatory exudate . The exudate carries proteins, fluid and cells from locai 
blood vessels into the damaged area to mediate locai defenses. 

2. If an infective causative agent (e.g. bacteria) is present in the damaged 
area, it can be destroyed and eliminated by components of the exudate. 
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FIGURE 3-5 Recruitment of macrophages and antimicrobial 
agents from the bloodstream. Bacterial entry through wounds initi- 
ates an inflammatory response that brings antimicrobial substances 



and phagocytes (first neutrophils and then macrophages and mono 
cytes) to the site of infection. 
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Innate and adaptive immunity. The mechanisms of innate immunity provide the initial defense against infections. 
Adaptive immune responses develop later and consist of activation of lymphocytes. The kinetics of the innate and 
adaptive immune responses are approximations and may vary in different infections. 



FIRST EXPOSURE TO PATHOGEN 
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1 . Innate immunity activated 

Inflammation and sickness behavior. 

RE-EXPOSURE TO PATHOGEN 



2. Adaptive immunity activated. 
Innate response limited. 



3. Memory cells emerge 




1 . Memory cells limit infection 



2. Pathogen cleared: limited symptoms. 



FIG. 15.1. The Relationship between 
Innate and Adaptive Immunity. A Upon 
exposure to a pathogen, the innate 
immune response is triggered mainly 
by phagocytes. Inflammation ensues, 
which leads to sickness behavior and 
host defense. The adaptive immune 
system is then triggered leading to ef- 
fector T- and B-lymphocytes, some of 
which become memory cells. Adaptive 
immunity also has a negative feedback 
effect on innate immunity, preventing 
damage. B: When an organism is ex- 
posed to the same pathogen again, the 
memory cells can handle the infection, 
limrting innate immunity such thatthere 
are only minor symptoms. The evolution 
of adaptive immunity therefore provides 
an advantage to the host: adaptive im- 
munity evolved to clear pathogens and 
limit innate immunity. 
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Inflammation: the response of living tissue to damage 



The inflammatory response has a number of functions: 




1 . The affected area is occupied by a transient material called the acute 
inflammatory exudate . The exudate carries proteins, fluid and cells from locai 
blood vessels into the damaged area to mediate locai defenses. 

2. If an infective causative agent (e.g. bacteria) is present in the damaged 
area, it can be destroyed and eliminated by components of the exudate. 

3. The damaged tissue can be broken down and partially liquefied, and the 

debris removed from the site of damage. 
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Abstract 

In the past, inflammation has been associated with infections and with the immune 
system. But more recent evidence suggests that a much broader range of diseases have 
telltale markers for inflammation . Liflammation is the basic mechanism available for 
repair of rissile after an injury and consists of a cascade of cellular and nricrovascular 
reacrions that serv e to remove damaged and generate new rissile. T lie cascade includes 
elevate d permeability in microvessels, attachment of circulating cells to the vessels 
in tlie vicinity of the injury site, migration of several celi types, celi apoptosis, and 
growth of new tissue and blood vessels. 



"ATTORI" DELL ' INFIAMMAZIONE 
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Figure 1. Cells and mcdiators of the inflammatory response. Molecules derived from plasma proteins and cells in 
response to tissue damagc or pathogcns mediate inflammation by stimulating vascular changcs, plus lcukocyte mi- 
gration and activation. Granulocytes include neutrophils, basophils, and eosinophils. 
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"ATTORI" DELL' INFIAMMAZIONE 




The components of 
acute and chronic 
inflammatory 
responses: circulating 

cells and proteins, 
cells of blood vessels, 
and cells and proteins 
of the extracellular 
matrix. 



SISTEMI POLIMOLECOLARI SOLUBILI 

Complemento 
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e altri MEDIATORI CHIMICI 



PATOGENESI della flogosi: 

a cosa sono dovuti i fenomeni dei vari tipi di flogosi ? 

Sono dovuti all'attivazione di molecole segnalanti che vengono identificati come 

mediatori chimici della flogosi 



Si definisce mediatore chimico quella molecola che e' in grado di riprodurre 



quel fenomeno o quella funzione 
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MEDIATORI CHIMICI 



1. DERIVATI DAI SISTEMI POLIMOLECOLARI SOLUBILI del 

plasma e dell'interstizio 

2. DERIVATI DA CELLULE, durante o dopo il reclutamento. Sono di tipo 
diverso: 

a) preformati nelle cellule, e rilasciati in risposta all'attivazione 

b) neoformati : 

• rapida neoformazione (minuti): tutti i derivati dell'acido arachidonico 
(prostaglandine, tromboxani, leucotrieni), dell'ossido di azoto, i radicali liberi 
dell'0 2 ; 

• lenta neoformazione (ore): molecole proteiche che vengono neosintetizzate in 
seguito ad attivazione genica (citochine). 
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PATOGENESI della flogosi: 



- autoamplificazione del processo 



- complesse interazione tra mediatori 

- mediatori pro-infiammatori e anti-infiammatori 



- attivazione dei segnali dipende dalla situazione biologica 
dell'individuo (stato immunitario, eta% malattie in atto, 
situazioni genetiche) 



MODELLO: microorganismo infettante che crea un danno 

in un organo ► duplice risposta 

( vascolare e cellulare ) 

1) Risposta vascolare : a) iperemia attiva (prima aumenta il flusso 
ematico); b) iperemia passiva (rallentamento flusso); c) aumento 
permeabilizzazione vascolare 

2) Risposta cellulare : migrazione dei leucociti (dapprima dal sangue 
escono i neutrofili, poi gli altri tipi cellulari) 



(evento reattivo, sempre uguale, stereotipato, indipendentemente 
dalla sede) . FLOGOSI ACUTA o 
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Cause 

• infezioni (batteri, virus ecc.) 

• traumi 

• agenti fisici e chimici 

• necrosi tissutale 

• reazioni immunitarie di 
ipersensibilità 



, Acuta 

dura giorni 



laminazione 



Cronica 

dura mesi 



Cause 

• infezioni persistenti 

• agenti tossici esogeni 

• autoimmunità 
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The major locai 

manifestations of acute 
inflammation, compared 
to normal. 

(1) Vascular dilation and 
increased blood flow 
(causing erythema and 
warmth), 

(2) extravasation and 

deposition of plasma 
fluid and proteins 
(edema), and 

(3) leukocyte emigration and 
accumulation in the site 
of injury. 



Effetti clinici dell'infiammazione acuta 



I quattro sintomi cardinali del processo infiammatorio furo- 
no descritti circa 2000 anni fa da Celso: 

Rubor (rossore) Dolor (dolore) 

Calor (calore) Tumor (tumefazione) 




segni cardinali dell'infiammazione . 
....a cui si aggiunge la functio laesa 



Clinical Aspects of Acute Inflammation 

The four principal effects of acute inflammation were described nearly 2,000 years ago by Celsius: 



Redness (rubor) 

An acutely inflamed tissue appears red, for example skin affected by sunburn, cellulitis due to bacterial infection or acute 
conjunctivitis. This is due to dilatation of small blood vessels within the damaged area. 



Heat (calor) 

Increase in temperature is seen only in peripheral parts of the body, such as the skin. It is due to increased blood flow 
(hyperaemia) through the region, resulting in vascular dilatation and the delivery of warm blood to the area. Systemic fever, 
which results from some of the chemical mediators of inflammation, also contributes to the locai temperature. 



Swelling (tumor) 

Swelling results from oedema, the accumulation of fluid in the extra vascular space as part of the fluid exudate, and to a 
much lesser extent, from the physical mass of the inflammatory cells migrating into the area. 

Pain (dolor) 

For the patient, pain is one of the best known features of acute inflammation. It results partly from the stretching and 
distortion of tissues due to inflammatory oedema and, in particular, from pus under pressure in an abscess cavity. Some of 
the chemical mediators of acute inflammation, including bradykinin, the prostaglandins and serotonin, are known to induce 
pain. 

Loss of function Loss of function, a well-known consequence of 
inflammation, was added by Virchow (1821-1902) to the list of features 
drawn up by Celsus. Movement of an inflamed area is consciously and 
reflexly inhibited by pain, while severe swelling may physically 
immobilise the tissues. 



Clinical indications of acute inflammation 



Clinical indications of an acute inflammatory process include: 
•General malaise 
•Fever 

•Pain, often localized to the inflamed area 
•Rapid pulse rate 

Laboratory investigations usually reveal: | 

A raised neutrophil count in the peripheral blood. 

An increased erythrocyte sedimentation rate (ESR/VES). 

An increase in the concentration of acute-phase proteins in the blood. These 
are normally present in small concentrations, but this increases dramatically 
in response to acute inflammation. Produced by the liver, they are induced by 
circulating IL-1. Specifìc examples, the most common being C-reactive 
protein, may be measured in blood to monitor inflammatory processes. 
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Effects of Acute Inflammation 



The locai effects are usually clearly beneficiai, for example the destmction of invading 
microorganisms; but at other times they appear to serve no obvious function, or may even 
be positively harmful. 

Beneficiai effects: both the fluid and cellular exudates may have useful effects. Beneficiai 
effects of the fluid exudate are as follows: 

Dilution of toxins. Dilution of toxins, such as those produced by bacteria, allows them to be carried away in 
lymphatics. 

Entry of antibodies. Increased vascular permeability allows antibodies to enter the extravascular space, where 
they may lead either to Iysis of microorganisms, through the participation of complement, or to their phagocytosis 
by opsonisation. Antibodies are also important in neutralisation of toxins. 

Fibrin formation. Fibrin formation from exuded fìbrinogen may impede the movement of micro-organisms, 
trapping them and so facilitating phagocytosis. 

Delivery of nutrients and oxygen. Delivery of nutrients and oxygen, essential for cells such as neutrophils which 
have high metabolic activity, is aided by increased fluid flow through the area. 

Stimulation of immune response. The drainage of this fluid exudate into the lymphatics allows particulate and 
soluble antigens to reach the locai Iymph nodes where they may stimulate the immune response. 

Drug transport. The fluid carries with it therapeutic drugs such as antibiotics to the site where bacteria are 
multiplying 



Effects of Acute Inflammation 



Harmful effects: 

The release of lysosomal enzymes by inflammatory cells may also have harmful 
effects: digestion of norma! tissues. Enzymes such as collagenases and proteases 
may digest normal tissues, resulting in their destruction. This may result particularly 
in vascular damage 

Swelling. The swelling of acutely inflamed tissues may be harmful: for 
example, the swelling of the epiglottis in acute epiglottitis in children due to 
Haemophilus influenzae infection may obstruct the airway, resulting in death. 
Inflammatory swelling is especially serious when it occurs in an enclosed 
space such as the cranial cavity. Thus, acute meningitis or a cerebral abscess 
may mise intracranial pressure to the point where blood flow into the brain is 
impaired, resulting is ischaemic damage. 



Inappropriate inflammatory response. Sometimes, acute inflammatory 
responses appear inappropriate, such as those which occur in type I 
hypersensitivity reactions (e.g. hay fever) where the provoking 
environmental antigen (e.g. pollen) otherwise poses no threat to the 
individuai. Such allergie inflammatory responses may be life- 
threatening, for example asthma. 
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Figure l. — Sequence of histological changes during an acute, self-limited inflammatory process. The left panels depict the murine lung parench- 
yma prior to injury (top), during the neutrophilic and macrophage phases (middle panels), and during resolution (bottom) following inflammation 
induced with bacterial lipopolysaccharide (20//g). The right panels depict equivalent electron micrographs of the neutrophil and macrophage 
stages. 
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Resolution of inflammation 
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Microvascular consequences 

Enhancement of endothelial permeability; celi degranulation 
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Figure 1 



i^chemati^ime^ selected steps in die inflammatory cascade that either leads to 
resolution and final repair of the initial injury, or under the influence of continued stimulation 
progresses into a chronic inflammatory cascade. 
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